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90.2%). Thus, these results also suggest that susceptibility to radiation-
induced cancer is higher in prenatally exposed survivors than in postnatally
exposed survivors (Yo88). Comparable late-occurring carcinogenic effects
from prenatal irradiation have been observed in laboratory mice (Co84).

Summary

Based on the limited epidemiologic data available through the early
1970s, the 1977 UNSCEAR committee (UN77) estimated the risk per unit
absorbed dose to be about 200 to 250 excess cancer deaths/104 person
Gy in the first 10 years of life, with one-half of these malignancies being
leukemias and one-quarter tumors of the nervous system. Bithell and
Stiller's (Bi88) recent estimate from the Oxford survey, 217 cases/104
person Gy, falls within this range. The epidemiologic studies also suggest
that an association exists between in utero exposure to diagnostic x rays
and carcinogenic effects in adult life; however, the magnitude of the risk
remains uncertain.

EFFECTS ON GROWTH AND DEVELOPMENT

Animal Studies

The effects of prenatal irradiation on the growth and development
of the mammalian embryo and fetus, mediated through direct radiation
injury of developing tissues (Br87), include gross structural malformations,
growth retardation, embryo lethality, sterility, and central nervous system
abnormalities (UN77). Major anatomical malformations have been pro-
duced in all mammalian species by irradiation of the embryo during early
organogenesis; however, the time of maximal susceptibility is sharply cir-
cumscribed, and the evidence suggests that there may be a threshold for
many, if not most, major malformations (NRC80). Retardation of postna-
tal growth also has been observed to be produced over a broad range of
mammalian gestational ages in experimental animals and humans (NRC80).

The developing central nervous system exhibits a particular sensitivity
to ionizing radiation (ICRP87). In experimental animals, the central ner-
vous system malformations most likely to be produced by irradiation during
early organogenesis include hydrocephaly, anencephaly, encephalocele, and
spina bifida. In rats, mice, and monkeys, radiation has been shown to induce
functional and behavioral effects too, including motor defects (Ya62), emo-
tionality (Fu58), impairment of nervous reflexes and hyperactivity (Ma66),
and deficits in learning (Le62). In rodents, disturbances of conditional
reflexes, impairment of learning ability, and locomotor damage also have